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The  Current  Status  of  Predictions  of  Low  Energy 
Plasma  Interactions  With  Space  Systems 


I  IM  KODl  irnoN 

As  wf  I'sss  fri'tn  I'u'  .ii;r  of  I'Nplorst  1011  of  (In'  nc.ir-oacdi  st'Sv'o  I'livii'i'nironl  to 
111*'  i'\ ploitsi (I'M  I'hssi',  OK  (Kv'i'ossiiii;  Kt't'.l  h.is  ,u*ist't\  loc  sn  nodot'sl sti.ioit'.  o!  (In' 

I'liv  icoiii(H’til:\l  (111  I'CSi't  tons  Im'Iwoi'ii  spooi’  systotiis,  s|',(oo  svsloms  opt'f.il  ions,  .inii 
tlio  low  i'in'i'i;v  ((>  K'H  k<’\  >  pIssTii.i  oiiv  1  |•o^m^'llt .  I  ho  i'C4't'li'm  .'f  i  i'iii  r cn  (o  (ho 
sp;(4'o  ('hvsu's  4'ot(' [(0[r(i(  \'  ?’oio.*if(S,  ln'wt'\oc,  (ho  iofimlioo  »'I  (his  I'lu  ii'oiiioi’ih  on. I 
ln'»  (I  IS  poc(iirl'o,i  In  n.XiitMl  sii.l,  nu  ro.isitii’.lv.  msn  111:1. lo  \  .iri.U  ii'iis.  I(  h.is 
boooiiio  i  lo.ic,  In'Movi-r,  (h.i(  :i  .oicoful  i-hoioo  nius(  ho  ir:i,io  ui  tool. lino  w  h,i( 
p;lt*:iino(o os  —  h»i( h  losoolp(i\‘0  :in  1  noi'  liol i\ i*  —  n ft*  nooi'ss.iov  (<'  4>iio  ijM.loos(.in.hnj^ 

Ilf  (*io  no:ir-o;io(h  ooi'.iino.  An  nntv'o(,int  oloinon(  in  (his  .  h.'ioo  (hnl  li:is  boon  l.iooolv 
iynooi'  I  is  (ho  issiio  >'f  iisoo  1100. Is.  Miioh  I'f  (Ins  ro\  iow  will  ho  hsso.i  I'n  (ho  por- 
ooivt'.l  noo.ls  I'f  (ho  oxislimj  nii.i  ('o(on(i:il  iisoo  ooninninu v  in  (his  00. \  of  sp.ioo 
ovpioit.ition  i'f  (ho  no.io-i'.iolh  ni:ii;noli>sphooii'  I'tivi  Oi'niiioih . 

In  (his  ooviow.  Iho  I'oosonl  sl.iliis  I'f  lini -oiu'oov  nl.isin.i  ino.iolini;  in.i.  w  hooo 
nooossnov.  (Iio  oolnlo.i  issiio  I'f  (ho  i’.OimhHiMioI  10  .in.i  i":ii;no(osi'hooio  olooloio  fiol.l 
nu'  iolitii;  u'o  i-in  ooo.i.  In  lii:hl  I’f  (ho  pooiiiiii;  oi'lo  I'f  s.ilollilo-on\  ici'iiinonl  111(00- 
nofiiins,  (his  :ioo:i  fi'onis  ,i  ni.iii'O  p.iol  I'f  (lio  oi'viow  .  \s  ,111  :i.inin>-l,  >  iiooon( 
;itlonip(s  .!(  poo  iii'l iiii;  yoiiptivsio.il  ,in.|,  honoo,  ni;ii;no(osphooio  v  ioi.ilions  i'v  oni- 
('li'vun;  \  noioiis  i;oi'iii:ii;nolio  in.li>':i(oos  :ioo  iisi  iisso  (.  Vn  ov.unt'lo  is  pooson(o  i 


(Hoooivo.l  foo  ('iii'lii'ntii'ii  t  \)'oil  ll'Vi" 


in  wtiii  li  ill  thri-o  ;ifc  liiiki-  l  to  form  .1  tr:isoi\.il'lv  lohcri'iit  |)ii  tufc  ot  oik' 

phciiomt'iui  — spaoi-i'iMl't  I'liii ri; iiii;  in  the  t;cosy  nchi'oiious  oin  i  l•olllm■Mt . 

riu'  ron.-hi.ifS  with  a  lisoiissioii  of  inu'ortant  an-as  foi-  I'lituri-  |■.•Sl■al^•ll. 

In  nai-tii'ulaf.  nuulols  of  a  varintv  of  yoophyn ioal  |ii-ocossi‘s  an  I  pliysinal  intfrantion 
nionhanisins  an-  niT  Ic  1  in  tlu‘  inimoiliatf  futnt'o.  Not  imly  do  n'casiironn'nts  of  tho 
lov\  ofu't'itv  plasma  onvironmi’nt  tu'inl  to  lu'  I'xpanklivl,  Init  onfiaMit ly  I'xistiny  ilata 
sots  nuisl  he  Imltor  oi-pani/i'.l  ami  ox|iloit.v|,  I  'lnallv.  tlio  no.-cssitv  I'of  la-al -liinc. 
in  sitn  innasunninonts  to  nstal'lish  Iho  rnnnnnt  statn  of  thn  n  aLtnotosphni-n  ano  pnn- 
sontn  I  as  a  nnan-lnrin  allonnativo  to  Ictailn.l  niaannlosiihonii'  modnliiu'. 


2.  niK  NKUt  KOU  l.i>«  KNKKt.^  Tl. \SM  \  SI'  V.K  SV  SI'KMS 
IMIH  MUON  I'KhDU  IU)> 

I’nliko  Ihn  sjfnation  fon  tli^'h  nnnni>.'’  (lantinln  moili'lin.y  wlinnc  l  a.iiation  damayo 
is  a  known  thnnat  on  for  llu-  nntitnal  fiantiidn  population  whnnn  atmosphnnin  dnai.;  is 
a  wnll -nnnoyniznd  pfoldom.  tlin  nffimts  of  tin'  low  nnnnnv  nnan-nanl!i  plasma  onvinon- 
mnnt  on  spann  s\ stems  am  at  Iwst  snldln  (son  nnvinw  Iw  dolinson  nt  al,  IST!".  It 
has  onlv  hnnn  with  the  avlvnnt  of  the  now  iu'nnnation  of  sophistu-atnd  nom  namioat  ton 
ami  si-inntific  satnllitns  that  imnvionslv  minon  systems  intenaetions  siieh  as  spai-e- 
enaft  v-hanyiny  and  stinfai-e  eontaminat  ion  have  Imeome  ol  e.nowtni',  eoneenn  to  the 
spaee.-naf't  lesiynen  and  user.  In  this  seetion,  the  nnineiiial  intenaeti«Mis  that  have 
eomi’  to  lieht  ai'e  lUitlined  an\i  the  assoeiatmi  pnohlem  aneas  tnom  the  desiynei  visim 
staiidpoitit  define  1. 

I  he  nntneiiial  effeet  of  the  low  eneryy  pantude  envi noTiment  v>n  spaeeenaft  svs- 
timis  is  vainnentlv  htdii'ved  to  lu*  spaeeenatt  I'hanyiny.  Altluniyh  meoyni.  ed  eat  iv  as 
a  sonnee  of  ennor  in  low  enefyv  panliide  measiinements  in  the  nlasmasphene 
tiMiip(ile.  I'Mifi;  Whipple  and  I’anken,  l',>H"a,  b'  and  as  a  (lotential  sonnee  of  dnay  tsee 
rawiew  bv  liniimlin,  Idlidl.  it  was  not  until  the  observations  of  siemliranl  I'otentials 
on  the  order  of  -10  k\  oii  the  yeosvnel  ronons  ATS-h  satellite  liirine,  eelinse 
(nel''orest,  |nV:_M  that  an  interest  was  realiv  taken  in  the  nhenomem'ii.  An  example 
Ilf  this  phi'nomeiion  is  yiven  in  l•'it;llre  1  for  the  Xl'S-ti  satellite.  I  ikewise.  it  was 
not  until  v.irtoiis  satellites  tShaw  et  al.  lo’tt;  Mel’lierson  .ind  Selioliei',  lOTtil  h.id 
suffered  what  were  .issumeil  to  be  loyie  iipsi'ts  resulting  from  areiny  betwi-eii  dilter- 
entialli'  iharyed  surfaei's  tl'iyure  Jl— and  ,t  rel.u  lonsliip  between  arrini;  and  the 
yeiuiiaynet ir  index  a^^  ^l•'iyure  :l)  was  found—  that  the  user  eoniniiinitv  beeanie  eon- 
eerned  enouyh  to  su|it>ort  a  joint  .Al-'  N.A.S.A  s[iaeeer.ifl  eh.irymy  proyr.ini.  Tins  joint 
effort  reeentlv  restilted  in  Ihe  sueeessful  l.uuieli  of  the  I’Vil-J  tSl'.ArilA'  .sal  ell  it  e  —  I  he 
first  s.ilellite  designed  to  speeifii-allv  stiulv  environmental  inter.iel  10ns.  I  he  buildup 
of  St, Hie  eharye  on  satellites  (fi.irl  ieularlv  at  yeosvmhronous  orbit)  bv  the  low  eneryi 
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As  structurfS  >{row  sit>iiificuiitly  in  si^i*.  the  pi-oblems  just  discussed  jjruw  ui 
effect  and  in  potential  for  damage.  In  1-  igure  4  we  nave  plotted  the  predicted  gi-owth 
rate  of  large  structures.  Kffects  such  as  the  \'XT?  electric  fields  that  are  generatcil 
in  spacecraft,  which  are  now  considered  only  of  nuisance  value,  could  easily  be¬ 
come  significant  as  structural  dimensions  grow  .as  projected  in  1- igure  4.  More 
ominous,  however,  is  the  potential  for  such  large  structures  to  peiiurh  the  environ¬ 
ment.  .At  geosynchronous  orbit,  as  an  example,  Harrett  and  Del-'orest  ililTya) 

■i 

estimate  photoelectron  emission  rates  on  the  order  of  0.4  nA/cm“  (this  is  believed 
to  be  the  flux  that  actually  escapes,  not  necessarily  thi'  total  emission  rate  at  the 
satellite  surface).  Such  fluxes  of  low  energy  (-  10  e\  )  particles  are  relatively 
unimpoi'tant  in  t)ie  plasmasphere,  but  could  be  potentially  damaging  in  the  plasma 
slieet  where  they  are  comparable  to  the  ambient  flux  and  represent  a  coldei’  plasma 
component  (liarrett  and  Del-'orest,  l!>7!'b). 
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Vigvivi'  4.  Projeettni  Maximum  Oimonsion  of  \  arious 
Spaco  Systems  as  a  Function  of  Time  iaviaptccl  from 
Maglor  ct  al,  1977) 


I  i>nt.in\iu.itiv>n  thf  fu.u* -t'.n'th  fiu  i  ronriu'/it  )n  |>hoti>rU‘it  roiis  is  oijlv  \>in*  ot 
tu. Ills  pitti* fit i.t I K  .*11.1^  1  sp.ti'f  s\sti'rii  flleu  ts  i.>ii  tlu*  fuvi t\»nriifut.  ^  iMil.uiiUutiU 
v‘l«'  Ills,  alr’<‘.<iiv  iJj si  U.HSfii  iij  .  iMJ jurii  I u>n  vv  ith  iM'tat  u‘ti  t»t  i»j>i ii  al  iiui  ihiMMual  sut  - 
l.tv  i’S,  .tlso  thrf.iti  ii  llif  aiiilufiit  - nu* rjiv  jilasiiia  fiivii’oimU'iU.  ihir 

ti>  )n^h  partii’U*  uiip.u  ts,  inultipav  tin^;.  i  hmiu  al  i*\havists.  aiiil,  pa  i-tu-aUiris  , 

I4>ti  t'\liausts  |1  lihinatm  rt  at,  i  hlU  ft  .il.  .ill  tlirratfU  Uif  vSlatus 

i|UO.  I  uhitiaiiii  ft  al  havt*  shown  U'lnurf  :>>  tiow  thf  df position  oI  laci^f 

aii\4.nints  i>f  ar^on  \i\  tlii*  t'lasniasptn* rr  liiu*  t*>'  solan  pt-woi*  satflUt^'  v)p»*!'alums  will 
rfsuU  IM  tht‘  non\fnsu»n  i>f  thi‘  fri>iu  a  hvtho^oii  lUumiiatod  to  oxv^^fM  lioiiu- 

natfii  ro^ioii.  I  iriaU\ .  lar^jf  struotiUH-s  will  absorb  v'orrt‘Spitruiui^l>  lar^<'  aiuviunts 
of  thr  ainbiftit  Ilii\.  Altiuui^jh  this  will  prv»batUy  bo  tiutro  important  for  tlu*  hi^^h 
oiu*r^;%  partu  b'  onvirmiiuont.  moasarablf  pt*  I’tvii’bal ions  i>f  tlu*  low  onor^y  plasma 
ar'<‘  a  pi>ssitnlit\  if  o\t<*nsivt*  4'poratu>ns  at  ^t*i.>sy ru  hianious  4>rbit  aro  implinnonttui 
as  planiu*^.l. 


bij^urr  r>.  I’ri'ioi  ti'vi  \  ariativ^ns  v'f  ll  .  .  anti  Ar  ItoU'i’t* 

aiul  Aftor  tlu*  Passa^r  i>l'  a  l  St'lar  l\>wa'r  Satollitt* 

t;«n>sviu  ;u\»nous  Orbu  \l  iibmann  oi  al.  b'7tU 
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Although  sovocal  papors  on  the  subject  of  spacecraft  interactions  have  been 
referenct’d,  the  fact  I'cnuiins  that  at  present  relatively  little  is  actually  known 
about  most  of  the  interaction  processes  mentioned.  The  problem  is  that  there  do 
not  as  yet  exist  sufficiently  detailed  models  of  many  of  the  dynamic  processes 
associated  with  the  movement  of  magnetospheric  plasma.  .Similarly,  the  level  of 
precision  necessary  to  define  many  of  the  interactions  is  severely  limited  by  a  lack 
of  experimental  data  and/or  theory.  These  two  problems  are  not  and  cannot  be 
divorced  from  each  other  as  we  must  define  the  parameters  necessary  to  accurate¬ 
ly  represent  the  environment  and  at  the  same  time  those  parameters  must  be  keyed 
to  the  interaction  models  to  be  of  any  use.  As  will  become  apparent,  a  real  dichot¬ 
omy  exists  between  the  parameters  currently  used  to  define  the  environment  and 
those  required  to  predict  plasma  interactions. 


PKKSKM’  STATII.S 


In  order  to  demonstrate  the  difficulties  attendant  with  studying  the  problems  of 
low  energy  particle  interactions  with  space  systems,  the  current  status  of  these 
efforts  will  be  reviewed.  First,  a  brief  review  of  the  current  status  of  low  energy 
magnetospheric  plasma  models  will  be  given.  This  will  he  followed  by  a  discussion 
of  attempts  at  predicting  and  modeling  the  interaction  phenomena  associated  with 
the  low  energy  environment.  Finally,  an  example  will  he  given  of  one  attempt  to 
link  these  three  areas  into  a  coherent  predictive  model  of  one  interaction 
phenomena  — spacecraft  charging  during  eclipse  passage. 

■t.  I  lx>H  Kiiergy  Ptaxiiia  !Mo(irl8 

In  Garrett  (1979)  the  current  status  of  the  modeling  of  the  0-100  keV  near- 
earth  particle  environment  is  reviewed  in  great  detail.  This  section  pri'sents  some 
of  the  main  results  of  that  study;  the  reader  is  referred  to  that  review  for  a  more 
detailed  description.  As  in  Garrett  (1979),  comments  are  confined  to  tlie  ionos¬ 
pheric  and  auroral  domains  as  described  by  V'asyliunas  (1972).  That  is,  only  the 
low  energy  (0-100  keV)  charged  particle  population  in  the  plasmasphere  and  the 
near-earth  plasma  sheet  regions  will  be  considered.  Also,  variations  in  ionic 
composition  will  be  ignored  (see  Young,  1979,  for  a  treatment  of  ionic  composition 
variations). 

Four  types  of  quantitative  models  are  described,  dependent  upon  the  ratio  of 
theoretical  to  empirical  input  to  the  model.  The  most  elementary  models  discussed 
consist  of  statistical  compendiums  of  various  parameters  as  functions  of  space, 
time,  and  geomagnetic  activity.  These  statistical  models  require  little  theoretic.il 
input,  relying  primarily  on  actual  measurements,  t’onsideration  of  basic  physical 


[Miiu  iph'S  nuiki'S  tivf  df  riwit  u*ii  ol  .m.tlstiv  rxiMi'Ssums  r.ip.iliU*  i>l 

I  itlllM  >  Ill  ttlf  CUV  UUIlllU'llI  —  till'  ?.ccuiut  cl  luuilcl.  I  111  111  lie  lUllllcls 

til. it  ciiiplus  theurv  to  prcillcl  t  r.i  |ci  to  1U‘S  ot  p.irtlclci.  in  statu  elect  l  ie  ami  maj^ 
netu'  lleliis.  I  iii.ilK,  the  most  complete  nuulel  teom  a  tlu'orelieal  rilaiiilpoiiit  l.s  a 
lull,  three  ilimeiision.il,  tlim‘  liepeiiileiil  moilel  iMpahle  ol  t.ikinp  into  .leeoimt  tune 
1  iiaiiift  inieetion  events.  Pile  tolUov  iiif;  ilisenssion  centers  on  these  tour  e.it<nori<'.‘ 
ol  moilels. 

'.t.itistlc.il  moilels.  is  ileline.l  here,  .ire  compemliums  or  hlsto^;ram.s  of  v.irioii 
pl.ism.i  p.ir  imeters  h.iseil  on  .u  til.il  il.it.i.  I  he  h.isu  example.s  ol  thus  lipe  of  moilel 
ire  the  composite  or  iv  e  r.ine  ilist  ri  hut  ion  I  im.  t  ions  ^eiie  rateil  hs  Chan  et  1 1  I  C  i  •  ' 
for  v.irioiis  m.ipneto.spheric  anil  sol.ir  v\  mil  repioie.  (I  ipiire  lit.  Mllnnifth  laich  lies 
cril>tlons  ire  pa  rticiil.i  rlv  useful  ill  preiilcliup  loiip  term  lliixes,  .1  prohllutive  iiiim 
her  of  ills!  rihiit  ion  functions  ire  neeileil  is  .1  lunctlon  ol  time,  sp.ili.il  coonlin.ile 
.mil  peom.i^tnetlc  activltv  to  a.Ieipi  itch  .les.  rihe  the  ne.ir  e,irlh  mumelosphe  re. 
Insteail.  .1  ilese  ript  ion  in  (erm.s  o(  tile  first  four  pl.i.sma  momeiils  plensitv  .  niimlier 
flux,  pressure  or  eiierpv  ilensilv,  iilil  elierpv  flux',  f  rom  iv  111  ch  .1  numherol  p.ir.im 
elers  such  as  current  .mil  tempe  r.iture  c.iii  he  ileriveil,  h.is  emerpeil  as  1  ■  omp.ict 
means  of  ilescrihiiif;  the  env  ironnieiit.  \  as>  1  iiin.is  I  1 1'hlO,  I'el'oresI  .iiul  Millvv.iin 
t  li'7  1).  Su  anil  Konraill  I  I''  ,'  1  '.  .mil  C.irrett  et  il  t  ll'  i  Uhl  h.iv  e  alt  carrieil  out 
statistical  stuilies  ol  these  pa  r.i  mete  rs.  In  figure  results  1  rom  the  .inalvsis  ol 
,\  I'.S-S  ami  .A  r.S-(i  temperatures  .mil  eiirreiitii  .ire  plotteil.  .As  .01  ex.unple.  ll  Wc' 
IS  the  temper. iture  oht.iineil  from  ilivutinp  the  eiieinv  ilensitv  h\  the  nuiuher  ilensitv 
I'lU  MS'  IS  the  tempe  r.iture  oht.iineil  from  ih  v  litinit  t  he  cue  rtf, v  I  lux  hv  the  numher  I  lux. 


t'.  l  ist iiUvitt'd  I 

I'liiXfS  tof  thr  .\utor.il 
.mil  lonospin'ru'  tioni.uns  (Iroiu 
<  hvin  i*t  id ,  \  V  7 ) 
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l'ij;uro  7.  Ilistojirams  i)f  tho  IVcurrc'tu-o  I'roqiiotu’ii'.s  of  the 
lUoctron  and  loii  Toniporatiirt's  and  Curi-ont  at  (ioosynctinous 
t)rl)it  as  Measured  hv  ATS-5  and  A'l’S-G.  r(A\(!)  is  2/d's 
tlie  ratio  of  energy  density  to  ninnlier  density;  'l'(l{MS)  is 
one-tialf  the  ratio  of  particle  enernv  flux  to  nunilier  flux 
(tiarrett  et  al,  l!)7!ib) 


Models  have  also  been  lieveloped  for  other  spatial  positions  by  plotting;  the 
results  from  ereentrie,  inelined  satidlites  in  thi'  manner  of  the  intensify  plots  of 
hi(»h  enerfjy  particles.  A  particularly  j>ooii  example  is  piven  in  I'inure  ti  (I'raiik, 
l!Hi71  for  the  low  ener>;v  ions  (1100  eV  '  10  '  fiO  ke\  )  in  the  eimerali/ed  It  -  A 

m 

coordinate  system.  Similar  studies  (t'arpenter,  liUili;  fhappell  et  al,  1!'70; 

I  .enna  rtsson  and  Iteasoner,  li>7t!:  and  reviews  by  i'happell.  1H72,  and  I’arpenti’r 
and  Park,  l!'7.l)  of  tlu'  plasmasphere  ;ilso  exist. 
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■VtuMunjor difficulty  with  the  peeeedm,  slnt.st.enl  models  from  a 
standpoint  us  that  the  effects  of  complex  tune  variatioius 

. . . . . . "  . . . 

z"zz':.:z' . . . . . . . 

cqnafions  c..pal.le  of  modeliu«  specific  paramet.  i  vaim  u  n  . 

„„...f.on  bound... y  formulas  by  K.velson  et  at. 

(O 


1 ,  ^  fi.  7 

I'l' 


-  0.  17  K 


.here  I  is  the  plasn.apause  boundary  tin  eaPh  radlO  and  is  the  maximum  value 

K  in  the  nrei  edine  1'.!  hours.  . 

tv  detailed  analv.ic  formulas  have  been  or  are  belli,  developed  lor  a  vane  > 
f  ll.sma' par  .meters  as  functions  of  time,  sp.dial  position,  and  ,eoma,net.c  acUv,  . 
\  ,  '  h  (1M77)  ilarrett  tP>771,  andtiarreft  ..ml  nebore.sl  tl-..7,,t0  have  all 

rev‘!Ipe"l  analvtic  ex,'..-essions  ca,.able  of  defm.n,  the  ,eosv„ehronous 

Carrett  and  Peforest  (P'7l.b)  in  pa.-ticnl.ir  have  develo,.ed  . . mpacf  re,  ns  . 

in  which  flu-  first  four  moments  of  the  .list  ribut  ion  fumt.on  ,d  ,eo.synch.-onous  .  ^ 

nre  expressed  in  ternus  of  equations  linear  in  .A,,  i.hulv  ..vera,e  of  a^^  .m,  v.u.M.l,. 
dinrnally  and  semi.liurnally  in  lo.  al  time.  I  1  : 


M  (A  .  I  T)  -  (;i  ^  ,  A  >  (I)  +  I)  lOri 

1  l>  il  1  p  o  I 


(I  r  ^  t,)) 


+  t). 


,  -in 

^■OS  ( 


(l.'f  I  1.,)) 


(L>) 


whi-  i-i‘ 


M  =  luoiiifiit  1 
i 

a  .  1)  .  1),.  1)..,  t,,  t.,  =  fittt'd  paiMiiU'tfis. 

i  i>  1  J  1  J 

I'vpu'al  rfsults  ai'c  pivfii  in  !•.  A  major  advaiitaj;f  of  this  moilcl  is  ttiat  a 

two- Maxwellian  ttiiat  is,  tin'  sum  of  twi>  ilistinrt  plasma  romponriits)  dist  rilnit  ion 
function  can  he  lieriveil  directly  from  the  dat.i.  Konradi  (private  I'ommiimcat loiisl 
IS  extending  this  moiiel  to  lower  altitudi'S  and  different  latitudes. 

The  pri'vious  two  moilel  types  proviile  most  of  the  data  l  hat  are  needed  to  predn  t 
environmental  effects  on  space  systems.  However,  to  fully  understand  the  effects 
of  space  systems  on  the  imvironment,  a  rudimentary  know  ledge  of  how  m.m  made 
contiiminants  and  perturbations  of  the  environment  propaj^ate  in  the  mai;netosphere 
is  reijuired.  riius,  static  models  of  the  maunetospheric  fiehls  play  an  impoiiant 
role  in  this  review.  Unlike  the  preci-dmij  modids.  consiile rable  wurk  has  none  into 
studyinn  such  modids.  so  only  a  few  re()resentative  exam|)les  will  be  niveii  here 
(please  see  review  by  tlarrett.  li*71H. 

The  most  tyiiical  exam|)le  of  sttitic  field  inoiiels  is  that  developed  by  Mi  llwain 
(1!'7  2)  in  conjuiii'tion  with  the  ATS-.I  noosynchronous  data.  Hy  careful  analysis  of 
the  data,  Mclhvain  const ructed  electric  and  magnetic  fiidd  models  that  were  capable 
of  reproducinn  thi'  observed  spectra.  Some  results  of  his  analysis  for  tyi'ieal 
idectron  anil  ion  trajectories  in  his  nuidel  fields  are  niveii  in  I'  inures  10a  ,ind  lOb. 
Many  variations  exist  on  Mcllwain's  nioilid.  ranninn  from  the  early  moilels  of 
Kavananh  et  al  (llUilt),  Koederi'r  and  Hones  (10701,  to  Walki'r  and  Kivelson  (I07r>). 
The  major  difference  between  most  of  thesi-  modids  is  thi'  exact  treatmimt  of  the 
plasma  injection  event  (see  review  tiy  Kivelson  et  al,  1!>71>1.  The  resolution  of  this 
problem  is  de()i'ndent  on  what  ride  the  in  situ  and  ionospheru'  plasma  sources  plav, 
and  is  still  undi'r  study. 

The  static  models  of  the  plasmaspheri'  divide  into  two  principal  categories: 
ionospheric  diffusion  and  TlXH  drift,  t’hapi'ell  et  al  (10701  and,  to  a  lesser  extent, 
Vtolf  (10701  anil  Chen  (10701  model  the  ilrifts  of  partu  les  in  the  plasmasphere  in  a 
similar  lashion  to  McHwain  — that  is,  by  K.X  H  drift.  i>thers  such  as  Ani;ei  ami  and 
Thomas  (lOIMl,  .Siliunk  and  Walker  (lOliOl,  and  Mayr  et  al  (lOfai  model  the  upward 
diffusion  of  ionospheric  panicles  into  the  exosplwre  and  plasmasphere.  liecenllv, 

I. email'  and  .Scherer  (I07-I1  .ind  Chiu  el  .il  (lOVlll  have  produced  comprehensii  e 
modids  in  tins  latter  cati'^orv  bv  n.sini^  .i  coll  i.sionles.s  kinetic  thi'ori'  to  compute  Ilie 
diffusion  aloii)^  the  field  line  of  various  const  itnents. 
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ELECTRON  TIME  VARIATIONS 


tlfClHONS 
WAuNi  lie  MOMI  Nl 
0  IkfV  /  C.AMMA 


MODUS  f  J.  M, 


1600  lOCAl  '  Mt 


TiMjfotoru's  foi-  lllt'i-t i-oiis 
in  tin-  Mi-llw.iin  Moili'l  (M 


PROIONS 

MAGNET  1C  MOMENT 
‘O.UrV  /  gamma 


MODELS  E3,  M? 


1800  LOCAl  TIME 

ii-i'  lOli.  I’l-aji-i'Eofics  for  I’rofons  H.wiu); 

0.  1  kr\  /)  in  till-  Mrllw.iin  Moilrl  EMrlhv.un 


\ Ifhiiiifjli  iiiD-it  Hi'  tin'  i  ffort  ui  lu.if’iu  tosplu' ru'  nunlfUiin  lias  j;oiU'  into  statu' 
iiioiti'ls,  an  uu' I'l'asin^;  anionnt  of  itotailril  work  on  tlii'  tinio  ilopoiulont  lu'liavior  ot 
till'  lo«  i'nrr^;\  plasma  otu  i  ronnu'nt  has  appoaroii.  Spovifuallv .  Kooilo  ro  r  ami 
llv'iu's  1 1 1 1  siii'oi'ssfulh  fopi  oihu  oii  liianv  of  tlio  fratnros  of  tho  A  I'S-fi  ilata  li> 
assunlln^;  a  statu  fmUl  nioiiol  upon  w  liu  li  tlioi  snportniposoil  a  t  imo- v  a  rv  inj^  I'li'ol  no 
full!  ooniponont.  SimilarK,  Siiutli  ot  al  (llW'la,  lATfUi,  i;'i'!M  nsod  a  1 1  mo  \  a  i'\  in^; 
von\  oi,  t  ion  I'looti'io  fioKI  poti'iitial  0  of  tlio  \  olla  ml  -  St  o  rn  f  \  po  (I'.pn  ot  al.  lI'Ti'l; 

0  \  K“  -'in  t  '  I  fal 


«  ho  ro 

1  I'  looal  timo  ilo'pomlonoo  (0  at  mnlmplitl 

K  railial  ihstanoo  from  oaiili 

aiiil  A  IS  takon  fo  t'o  of  tlio  form  fti  roliow  sky  aiut  I'lion,  It'Tril; 

,  0.  (Mh 

\  - - - - -T) . 

(1-0.  iro>  K  ♦  0.  000  K  “V 

1'  1' 

\ssimiin^  a  Oipolar  nia(.;nofio  fioKI.  Smith  ot  at  (lOTOa.  lO.'lih.  10.01  pro.liiooil  a 
mol  lo  of  Iho  plasma  flow  ontlttoil  ''fonvootion  of  Ma^jiiotospho no  I'artiolos  in  a 
rinio-\ar\lnK  lllootno  1  lohl.  " 

I  ho  final  nuulols  to  ho  ilisonssoil  a  ro  tho  ilotaitoO  throo-ilimonsionat.  timo- 
.lopomlont  nuulols  of  tho  liioo  Ihuvorsity  (tronii  umlor  K.  A.  Ui'lf.  I'hoii  (10.0). 

Wolf  (10701.  (.  lion  ami  Wolf  (107-1,  .la^j^i  ami  Wolf  (10701,  Wolf  (10.  P.  ami  moro 
rooi'iilli  .SiMitlnvooil  (1  0771  .iml  llarol  ot  al  (107111  aro  roprosontatn  o  .>f  tho  Ku  o 
work.  1  nuiiio  anuinj;  nia^;notospho no  nuulols,  thoy  oaloiitato  tho  I'artiolo  .Irifts  ami 
tho  rosiittiiii;  offoots  on  tho  olootno  ami  mamiotio  fioUls  in  a  solf-i-onsistont  fashion. 
Si.nio  of  tho  Kioo  rosntts  for  tho  nia);notospho ro  (.lapr.i  ami  Wolf,  lO.'al  uul  tho 
plasm.ispho ro  (I  lion  ami  W  olf,  1 07 -1  .i ro  prosonlo.l  m  h  ii^nros  11a.  1  Ih.  .iml  llo. 
\oto  in  p.irtu  iilar  how  tho  plasma  'tails"  off  from  Iho  ('I ,i sni,is[>lio ro.  \s  this 
plionomon.i  roprosonis  a  loss  moohanism  for  tho  plasm. isphoro,  it  m.i\  ho  ini|U'rtant 
for  I'.iloiil.il  ions  of  oont.imimiiit  lifotimos  in  this  ro^ion. 


Sp.ik'i'o r.vft  is,  simply,  tlu-  oomuij;  to  l■n^llh^ll•^l|m  uf  ttu'  oufifiits  t>i 

tim  sp.U'm  iMit  siirl'.K'r: 


-'sK^-'nsK^-'nr -'x* 


iiu'uli'tit  clt'itron  lurifiit, 
iiu  uii'iit  uni  i  in  i'ciit, 

si'cmul.i i'\  t’K'i'trmi  i-iimnit  iliu’  tn  inns, 

siv'oiiil.i  rv  i-lfitrnn  nuri'mit  ilim  ti’  ('lont  ions, 

I'.U'kso.itf o r<‘d  oli'v'tron  oiirnnit, 

pliotooli'ot  ron  ourrcnt  (zero  uluni  .1  surf.ioo 
IS  sluulowiuO, 

tlirnstor  oiiiTonts  and  other  miscollaiieons  ourronts 
Uiornially  assumed  to  be  zero  in  simple  ealeiilations). 

All  of  the  eurreiits  are  complex  fuiutions  of  spacecraft  potential,  tlie  satellite 
plasma  sheath  ithe  rejjion  over  which  the  satellite  perturbs  the  ambient  mediuml, 
the  satellite  materials,  and  the  physical  structure  (if  the  satellite  Smcral  models 
(see  Whipple.  U'iiS;  UothweU  et  al,  Un7;  l.aframboise  and  rrokopenko,  1;>77; 
r.irker,  l!>/7;  and  references  therein)  carry  out  fairly  detailed  eaK  ulatunis  (if  the 
particle  Irajeetories  in  the  vicinity  of  a  satellite,  allowing;  simulations  of  ttu-  sheatli 
and  ditterential  potentials,  A  variety  of  simpU'  sin^ile  point  (or  "thick  sheath"' 
models  also  exist  winch  allow  an  approximate  calculation  of  the  equilibrium  poten¬ 
tial  on  a  spacecraft  (st'c  tlarrett  and  Uubin,  li'Til,  and  reterences  therein'.  I'hesi' 
models  have  been  extended  by  the  inclusion  of  equivalent  resistances  and  capaci¬ 
tances  (liunive,  U'76;  Massaro  et  al,  U'77;  (.iauntt,  U'7i''  to  actuallv  allow  the 
simul.ition  of  the  time  response  of  satellites  to  chanjjes  in  the  ambient  p.irticle  and 
photon  environment. 

In  .ill  of  the  above,  the  detailed  shtipe  of  the  sheath  around  the  sp.ice- 

cratt  is  not  calculable  except  for  some  rather  simple  geometries,  Itecently, 
however,  a  detailed  computer  code  c.ipable  of  simulatinj;  a  complex  satellite,  in¬ 
cluding  booms  and  shadowing,  has  been  developed  (Katz  et  .il,  1!'71".  The  results 
from  one  of  these  calculations  is  presented  in  l-'igure  \2  where  the  potentials  .itvund 
a  simul.ition  of  the  St  .A  1  U/\  satellite  are  plotted.  Tlu'  codi'  is  currentlv  under¬ 
going  intensive  comparison  with  data  from  l.iboratory  experiments  .md  from  the 
St'.ATM.A  s.itellite.  It  is  planned  that  in  the  next  year  the  progr.im  will  be  sufficimit- 
ly  reliabli'  to  accurately  model  the  diverse  effects  of  spacecraft  charging. 
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!■  i>;iu-o  12.  I’otontial  c'onto\irs  for  Sunlit  I'.isr  in  .i 
lUiri^ont.il  riano  Through  tlu-  Si'.A  I’llA  Satrllito 
I’ontrr.  Contours  .iro  at  .‘'00  V  stops  ttho  miiuimini 
IS  -T.'iOO  \  1.  I'  rom  Solinuollo  vt  .il  llOTOl 


tHlior  oritu’.il  .ispoots  of  tho  spaoooraft  oharjjin^;  plu'iu'monon  aro  ttio  offoots  I'n 
oont.inun, lilts  .mil  tho  offoots  of  Oisolia rgos.  Sinoo  insul.itors  tonii  to  oh.ir>;o  to 
ilifforont  potontials  th.m  tho  satollito  ,is  a  wholo,  it  is  possihlo  to  >;ot  proforontial 
liopositii'ii  of  oontaminant  ions  on  suoh  orifio.il  surfaoos  as  optioal  sonsors  .iiul 
solar  ooll  oovors  isoo  Cauffnian,  li'7;l,  for  .in.ilvsis  v'f  oontaniin.ition  r.itos'.  1  iko- 
wiso,  .iroiiif;  ihio  to  Oifforontial  oharginj;  is  app.irontly  ivoll  Oooiiniontoil  tl'iijuro  1.11. 
Although  tho  aotu.il  aroiiiji  ptvooss  itsolf  is  pov'rly  known,  fairly  sophistio.itoO 
moilols  oxist  of  tho  offoots  of  tho  rosultant  oloot roniaj;notio  piilso  iMinOol.  10771. 
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LOCAL  TIME  (HR) 


Figure  13.  Arc-discharge  Rato  and  I’hotoelect run  C’urreut 
nonsity  as  a  Function  of  Local  Time  During  Kclipse  I’assago. 
The  depression  in  the  photoelectron  current  following  eclipse 
passage  is  a  result  of  spacecraft  cliarging  associated  witli  a 
substorm  injeetion  event.  Thus  the  increased  discharge 
rate  is  believed  to  be  related  to  geomagnetic  activitv.  From 
Shaw  et  al  ( 1976) 


•As  the  emission  of  pihotoelectrons  could  be  a  potentially  important  sourci'  of 
contamination  and  has  a  significant  impact  on  cli.irging.  a  iirief  review  is  in  order. 
Although  the  process  of  photoemission  has  been  well  understood  sinee  Linstein's 
oiiginal  paper,  the  actual  emission  rates  for  satellite  m.iterials  art',  in  practice, 
not  well  known,  tirard  (1973)  has  made  an  extensive  analysis  of  such  phenomena. 
His  results  for  common  materials  are  presented  in  Table  1.  tlarrett  and  Rubin 
(1978)  and  Garrett  and  DeForest  (1979a)  have  attempted  by  increasingly  more 
sophisticated  theories  to  predict  the  effects  of  a  varying  photoelectron  flux.  A 
Upical  result  is  given  in  Figure  11  tlemonst rating  iiow  the  satellite  potential  can 
varv  bv  10  kV  in  a  matter  of  a  minute.  As  previously  discussed,  the  escape  rate 
(as  opposed  to  emission  rate)  for  pliotoelect rons  appe.irs  to  be  0,  •)  nA/cm“,  a 
number  larger  on  the  average  than  that  of  the  ambient  flux  of  electrons  at  geo¬ 
synchronous  orbit  (Garrett,  1977).  The  effect  of  sucli  fluxes  from  large  space 
structures  on  the  environment  has  not  been  calcul.ited. 

Satellites  are  known  to  generate  wakes  (Darker.  1977)  that  in  turn  could 
generate  waves  in  the  magnetospherie  plasma.  I’he  large  space  structures  current¬ 
ly  planned  could  generate  significant  wave  disturbances  that  miglit  lead  to  instabilitie 


2.5 


r 


111  th»'  low  i-iiorf>y  pla.sina  onvi ruimuiit.  I’arki  r  (i;*77)  and  Douglas  et  al  (1977) 
liavi'  advanoi’d  siinpli'  modols  of  this  phonoimuioii.  l  iir  I'xainple,  in  Douglas  i‘t  al 
(1977),  till-  wavos  aro  onvisioru-d  as  into  fact  mg  with  t)i<-  structure  itself  (tliat  is, 
tile  solar  sail),  leading  in  some  eases  to  resonance  hetween  tlie  structure  and  the 
waves. 

Another  sourct'  of  contamination  is  the  addition  of  argon  and  other  ionized  gases 
from  extensive  space  operations.  A  modid  of  argon  emission  in  the  ionospheric 
domain  advancid  hy  l.uhmann  et  al  (1978)  has  already  been  mentioned.  Hriefly, 

~  l..i  ^  10'^'  A  r^  ions  (compared  with  ~4X  10'**  ambient  ions  at  about  500  km)  are 
emitti'd  as  -i  solar  power  satellite  slowly  spirals  out  to  geosynchronous  orbit.  The 
argon  ions  requiri’  a  corresponding  electron  population  for  charge  neutrality. 
Dventuallv,  the  heavy  argon  ions  sink  back  into  the  ionosphere.  As  insufficient 
hvdrogeti  ions  exist  to  replace  the  argon,  oxygen  is  drawn  upwards,  giving  tlie 
behavior  illustrated  in  figure  5. 

\  ondrak  (1977,  1979)  presented  a  simple  model  of  the  leakage  of  neutral 
particles  in  the  magnetosphere.  Depending  on  the  constituent,  ionization  rates  on 
the  order  of  h.ours  to  days  could  result  in  the  slow  buildup  of  a  neutral  gas  ring 
followed,  at  equilibrium,  by  the  addition  of  cliarged  particles  to  the  plasmaslieet 
flow.  As  disc  -.ssed  in  Vondrak  (1979),  the  total  mass  flow  rate  for  the  plasma  sheet 
is  only  on  the  order  of  1.  2  kg/sec.  The  artificial  addition  of  charged  [larticles  due 
to  ion  tlirusters  and/or  a  neutral  gas  ring  (with  subsequent  ionization)  could  equal 
or  be  greater  in  magnitude  tlian  this  flow  rate.  No  detailed  models  for  tlie  effects 
on  the  auroral  (plasmaslieet)  domain  yet  exist,  however. 


Table  1.  I’hotoelect ron  Kmission  Characteristics  of  \arious  Spacecraft  Materials 
((irard,  1978) 


Mate  rial 

Work  function 
(e\  ) 

lUect ron  Saturation 
Current 
(10>'/sec  m-) 

Saturation  Current 
Densitv 
(p  a/m-) 

Aluminum  Oxide 

3.  9 

280 

4  2 

Indium  Oxide 

4.  8 

190 

30 

tiold 

4.  8 

180 

Stainless  Steel 

4.  4 

120 

20 

Aquadag 

4.  6 

1  10 

18 

laf  on  All 

4.  4 

90 

15 

'  itreous  Carbon 

4.  8 

80 

13 

( i  raphite 

4.  7 

25 

4 

26 

ki _ 


■m-TT 


I'  igure  14.  Observed  and 
Predicted  Potential  Variations 
on  ATS-6  During  Passage 
Through  the  Karth's 
Penumbra  (Garrett  and 
DePorest,  1979a) 


Magnelu.oplieric  Pre<licti<>tis 

The  preceding  two  sections  outlined  the  status  of  models  of  the  plasma  environ¬ 
ment  and  of  the  various  Ivpes  of  interactions.  Since  the  purpose  of  this  report  is 
the  status  of  predictions,  the  review  cannot  be  complete  without  a  description  of  the 
relevant  models  used  for  predicting  the  environmental  parameters  needed  to  esti¬ 
mate  low  energy  particle  interactions.  These  models  fall  into  three  areas: 
predictions  of  magnetospheric,  magnetic,  and  electric  field;  direct  predictions  of 
ambient  plasma  parameters;  and  predictions  of  geomagnetic  indices.  The  use  of 
real-time  in  situ  data  is  discussed  in  a  later  section. 

Considering  the  availability  and  sophistication  of  magnetic  field  models  (Olsen 
and  Pfitzer,  1979),  it  is  possible  to  make  a  reasonable  approximation  to  these 
fields.  Unfortunately,  most  magnetic  field  models  are  either  for  quiet  periods  or 
dependent  on  or  a^,  earth-based  indices.  Likewise,  the  electric  field  models, 
such  as  that  of  Eq.  (3),  are  all  based  on  geomagnetic  indices.  Given  the  fields  by 
any  of  these  predictive  methods  or  by  actual  in  situ  measurements,  one  could  in 
principle  predict  the  evolution  of  the  plasma  fluxes  in  time  and  space,  using  the 
static  or  time-dependent  models  discussed  previously.  Once  the  fluxes  are  known, 
the  interactions  can  be  predicted. 
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Allhoii^;li  llu-  pi  i-i  oiliiiji  tfi  hiiuiuf  is  |ii-otiahlv  llu'  niosl  sru’iil  jlu  allv  prclcrahli' 

nu'lluiil  as  il  allows  a  l  OiisisU'iil  .lovi'li>|)iii('til  oC  a  pia'ila  l ion  pi  oi  oiliii  c  ioi'  Iho 

aniliu-nt  IIum's,  it  iloos  not  noicssarils-  assui  o  ai  i  iii  alc  pfoiiiot ions.  Tin'  .In  is  t 

(iri'.lu  l  ion  of  plasma  t'lu  aiiu-UM  S  is  lo  tm  pri-IVrrml  for  moilollni);  salrlliU' 

intorartions  as  the  iiiiiiilxT  of  assumptions  (Itiaf  is.  partirle  lirift,  pai-lulo  losses. 

ett.'.)  are  aijiiiilii'antly  reiiiiv'i'il.  Ai^aiii.  luiw'evt'r.  some  nu'ans  niiisl  lu‘  (ievisml  to 

lietermine  the  state  of  the  magnetosphere,  liven  in  the  ease  of  the  simplest  moilel. 

that  of  I'han  et  al  (lit77).  some  input  is  requireil  to  tell  how  often  to  use  the  hinh  or 

low  profile.  The  moilels  of  Su  anil  Kiioraili  (1!I77)  aiul  Carrett  anil  Deforest  (l!>7‘lh) 

liolh  reiniire  know  leilee  of  K  or  a  .  As  vet.  there  is  no  wav  to  iireiliet  eeo- 

1’  I' 

synehronous  pl.isma  paranu'ti’rs  t  rom  iiiterplanet.irv  parameters. 

rile  followiiif;  iiulieates  that  no  matter  where  one  stai-ts.  the  preilietion  of  fjeo- 
m.if>netie  ituliees  is  the  primary  means  of  ileferminins  -spaoeeraft  interael ions.  In 
laet.  as  inilie.iteil  in  I'i^ure  ,1  for  the  rate  of  areinj>  anil  in  l■■l^UI•e  Ifi  for  the  eelipse 
iiotential  on  .A'l'S-fi  .mil  A  T.S-ti.  it  may  he  possible  to  ilireetly  preiliet  s.itellite  inter- 
■  letions  from  roiuul-haseil  iniliees.  I’lie  preilietion  of  j;eomannetie  imliei'S  of 
eoiirse  ilepenils  primarily  on  persistence  or  solar  winil  parameters.  A  variety  of 
stuilies  h.ive  sought  to  correlate  the  various  measureil  solar  wind  parameters,  such 
as  velocity,  density,  temper. iture.  .mil  magnetic  field,  with  geomagnetic  .ictivity 
ISch.iUen.ind  Wilcox.  liUi7;  Hallif  et  al.  l!'l>7;  Ilirshberg  and  folburn,  Difi;'; 

Arnoldy.  1 ‘17  1 ;  foster  ct  .il.  l!>71;Kane.  1  !I7  t  la  r  rett .  1!'74;  tlarrett  et  al.  1!>7.}; 

Hobrov.  1!>7H).  These  previous  studies  concentrated  primarily  on  correlations  with 
'p'  *''p’  I'Xi'niple  of  the  idequacy  of  such  models  is  illustrated  in 

figure  It)  from  tiarrett  et  al  (l‘t74).  Most  subsequent  studies  have  essentiallv  re 
fined  these  early  studies  (see  for  example,  iiarrett  et  al.  li>7iia).  More  recent 
I)apers  based  on  similar  prediction  schemes  are  those  of  Saito  (1!>7!');  i  l.iuer  and 
Mcl’herron  ( l!i7‘i).  and  Ivemori  and  Maeda  (l‘'7;>).  It  would  be  hoped  th.d  eventuallv 
a  strong  solar  wind-magnetospheric  plasma  (irediction  scheme  would  .ilso  be  found, 
but  as  yet  this  has  not  happeiu'd. 

The  conclusion  of  all  the  preceding  studies  is  lhal  significant  correl.ations  do 
exist  bi't  wi*im  nii'a.surt'd  solar  wind  quant  it  ie.s  aiul  I  lu'  geoniagnet  ic  variat  miis  ob.si'rvivl 
an  hour  to  a  few  hours  later.  It  still  remains  true,  however,  that  persistence 
(that  is,  if  a^^  is  a  given  value  now  it  wilt  be  the  same  in  an  hour)  is  a  much  better 
predictor  in  the  time  range  of  0  to  10  hours  than  any  of  the  solar  wind  quantities 
so  far  studied  (tiarrett  et  al,  lOVHa).  'Thus,  in  order  to  predict  spacecraft  inter¬ 
actions  with  any  degree  of  confidence  at  iiresent,  actual  ground-baseil  measure¬ 
ments  (in  lieu  of  in  situ  solar  wind  measurements)  remain  the  mo.st  profitable 
Iireiliction  scheme.  It  remains  to  be  determined,  however,  what  the  "best" 
geomagnetic  |)arameter  is  for  a  given  interaction  process. 
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I-'igurt'  16,  Kelationship  llotwoon  \  ai’ious  Solar 
Wind  Parameters  and  tjcomagnetic  Aotivity  as 
Measured  bv  ap  (Garrett  et  al,  1P74).  v  H  '' 
is  the  sovithward  component  of  the  interplai?etarv 
magnetic  field  in  solar  magnetospheric  components. 
V  the  solar  wind  velocity,  and  a  the  magnetic 
field  variance 


:t.l  KrprriiriiUtitr  K\iiiii|ilr 

Iti  liaiTftt  1-1  at  (l!'79a)  an  oxplii-it  nxainplo  of  tho  procoilurfs  outlined  abovo 
lia.s  Ix'i'ii  workiul  out.  Altliouj'h  it  is  not  intctulod  to  r«'p»*at  Itir  papor  In-i'o,  llic 
jjoniM-al  pi-oi-i’dui-cs  outlined  in  titat  papor  domonslralo  a  typical  (iroblcni  and  solu¬ 
tion  in  pifdictinft  spacecraft  interactions.  I’roin  that  standpoint,  the  finilinus  of 
the  paper  will  b<*  bri<-fly  rovii'woii. 

Ai\  iinpoitant  iirobleni  in  spaci-craft  ctiai  giiif;  is  the  prediction  of  ttie  I'xtrenie 
potential  stresses  likely  to  be  encountered.  As  the  largest  measured  potentials 
liave  lieen  obsi-rvial  bi*tvveen  the  A'l'S-fi  and  ATS-G  j;eosynchi'onous  satellites  during 
eclilise  passage,  these  data  represent  a  useful  starling  point  for  estimating  extreme 
('otential  effects  (in  reality,  the  satellite  to  space  potmitial  during  eclipse  may  well 
be  an  accurate  reflection  of  the  maximum  differential  potentials  between  two  elec¬ 
trically  isolati-d  surfaces  — one  that  is  shadowed  and  one  that  is  illuminated).  In 
tiarrett  et  al  (l!l7ha),  the  eclilise  potentials  for  seven  eclipse  seasons  of  ATS-5 
and  A’l'S-ti  were  carefully  measured  anil  plotted  as  a  function  of  K  .  These  results 
are  (dotted  in  I'igure  15  as  closed  dots  with  error  bars.  This  plot  obviously  serves 
as  a  simple  pri-dietive  model. 

Two  charging  theories  wei'e  advanced  by  tiarrett  et  al  (197  9a)  to  explain  the 
charging  phenomenon  based  on  ambient  plasma  parameters.  The  simplest  was 
based  on  the  formula 

/i,  -  -  Ki;.ln  10  (5) 


whe  ri¬ 


ll  =  electronic  cliarge, 

=  satellite  (xitential  in  volts, 
T^_  =  electron  temperature, 

.l|,y  -  ambient  electron  current, 

.Ijlj  =  ambient  ion  current, 

K  =  Moltitmann's  constant. 


I.ikewise,  two  models  of  the  environment  were  advanced,  tine  was  based  on 


statistical  tabulations  of  T 


and  versus  K  , 
l-iO  10  p 


and  the  other  was  based  on  ihe 


variation  of  the  distribution  function  at  -0130  local  time  witli  (based  on  the 
model  described  in  Kq.  (2)  and  plotted  in  l-'igure  9).  The  two  environmental  models, 
both  keyed  to  K^,  were  then  combined  with  the  potential  prediction  codes  to  esti¬ 
mate  the  (lotential  as  a  function  of  The  results  are  plotted  in  I-'igure  15  and 

represent  good  agreement  between  theory  and  observation. 
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Con.siiloritin  tlu-  potoiitial  impoHaiu-f  of  tiiodolri  of  iiitoi-ai-f ions  iH-fwoon  spai-o- 
oraft  and  tho  onvii-onmout.  it  is  a  significant  fact  tHat  only  in  the  last  2  or  d  years 
Itavc  attempts  been  made  to  accurately  define  the  ambient  low-energy  plasma 
environment.  I'liidber.  it  has  been  iinly  siru'e  the  reci'iit  launcli  of  the  St'A'l'UA 
satellite  that  any  significant  attempt  has  been  made  to  characterize  the  interaction 
processes,  rinis.  it  is  not  difficult  to  fiiul  inany  inadequacies  in  tlie  present  state 
of  sp.ieec raft /environment  inti'raetion  prediction. 

Surprisingly,  much  dat.i  de  e.xist  on  ttu-  low-energy  near-eai-th  i  iiviron- 
nient-d.ita  that  are  vet  l.>be  evploiled  to  any  great  degree.  The  geosynchronous 
orbit  IS,  on  the  whole,  quite  adequately  covered  and,  with  instruments  capalile  of 
measuring  ionic  composition  and  field  aligned  fluxes  on  tifXiS  1,  tilXiS  11,  and 
SCATllA.  this  region  should  soon  be  well  analyzed.  I'he  problem  is  still,  however, 
how  best  to  characterize  this  rapidly  varying  regime  for  real-time  predictions.  In 
tiarrett  et  al  (1979b),  data  trom  ATS-(i  and  the  geosynchronous  satellite  1 97t)-0,')!iA 


are  compared.  The  197B-0.'-,9A  returns  ,n  real  time  the  electron  fluxes  from  dO  ke\ 
to  dOO  keV  (lligbie  et  al.  1979).  This  information  appears  adequate  for  (iredictiiig 
the  current  state  of  the  magnetosphere  (lligbie  et  al.  1979;  Baker  et  al,  l!i79)  to  the 
degree  necessarv  to  predict  spacecraft  charging.  llius.  such  real  time  measure¬ 
ments  may  offer  one  possible  solution  to  the  prediction  problem  for  geosviichronous 
orbit  (see  also  Thompson  ami  Seeaii,  1!I791.  The  issue  for  the  plasinasphere  and 
near-earth  high  latitude  region  is  not  as  clear-cut.  Although  sufficient  data  appar 
ently  exists  for  the  equatorial  plasinasphere  to  construct  meaningful  statistical 
models,  developments  in  this  area  have  not  been  forthcoming.  Keceiitlv,  a  tre¬ 
mendous  amount  of  data  for  detailed  studies  of  the  low  energy  particle  fluxes  al  high 
latitiKles  has  become  available  from  the  Sd-1>.  Sd-d,  ami  the  electrostatic  analv/ers 
on  thel)MSPsatellites(B«rkeetal.  1979).  It  is  hoped t hat  this  data  base  will  soon  make 
possible  significant  advances  in  our  understanding  of  this  region.  The  DiMSl’  photos 
may  ultimately  provide  a  real  time  method  of  evaluating  rapid  variations  in  this 
region,  as  1976-0.‘j9A  may  for  geosynchtxinous  orbit,  l.ikewise,  ISKK-dand 


Ol’b,’N-A  may  allow  real  time  solar  wind  monitoring  (t'auffman,  1979). 

!■  rom  a  user  standpoint  it  is  of  critical  importance  that  accurate  statistical 
models  be  available  in  the  future  if  any  long  term  mission  planning  is  to  be  c;irried 
out.  l.ikewise.  the  user  will  need  adequate  models  of  the  inteniction  phenomen.i 
involved.  Further,  little  progress  can  be  made  in  the  future  in  predicting  for  the 
user  spacecraft/environment  interactions  if  the  required  parameters  ,ire  uiiknowii. 
It  does  little  good  to  provide  detailed  information  on  (he  energy  flux  if  the  inter¬ 
action  process  is  dependent  on  number  flux.  Unfortunately,  the  biggest  gap  in  this 
area  is  in  spacecraft  material  response  functions.  Although  not  considered  in  this 


3: 


I'opoft,  until  \t  IS  I'l'solvi'il,  tlu'  ot\ly  pa  i‘l  iif  tlii’  sp;uH-i' raft  /  iiiturai-tions  probli'iii 
that  wo  (.-ail aouviratul.v  attack  is  tlio  amluont  spai  o  oiivi  l•oll^u■llt  aiul  its  pcrturhatioiis. 

I’nsiioatod  on  tho  li>llowin>t  it  .ippoars  that  I'uluro  rosoaroh  slunihi  ho  'tu-ooti-ii 
in  tho  following  main  aooas; 

1.  Dofininn  in  a  statistioal  sonso  tlio  anihiont  onvi roniiiont  liasod  on  iisor  oo- 
ipiironionts  (pa of ioiila rly  tlio  n<>ar-oarth  plasniasiihoro  ami  at  lii^h  hit itiulos), 

2.  Dooivinp  analytioal  oxpoossions  oo  offioiont  thooo-iiinionsional  iiioih-ls 
(statio  and  tinio-dopoiuiont)  oapahlo  of  sinuilatinn  niaunotosplu  oio  variations  for 
input  into  intoraotion  modoling  programs. 

:t.  As  it  ourrontly  appears  that  prodiotions  liasod  on  oa i-th-liasod  or  solar  wind 
paraniotors  will  not  approach  tho  accuracy  of  in  situ  moasuromonts,  expanded  real 
time,  in  situ  moasuri'inonts  must  ho  made. 

■t.  \'<'rification  of  particle  drift  theory  so  that  statio  (or  tinio-dopondont  I 
nuuiols  can  ho  used  to  extend  moasuromonts  made  in  limited  orbital  regions  to 
other  regions. 

li.  Hofinomont  of  our  basic  und<‘rstandiiig  of  inti'raction  phoiionion.i. 

In  tho  next  few  years,  major  stops  will  ho  made  in  all  those  areas.  Active 
experiments  such  as  hariuni  releases  and  joint  .St'A  rilA/tilCOS  beam  propagation 
studies  in  the  niagnetos|ihcri’  should  greatly  improve  our  ability  to  trace  eontaniinant 
eloiids.  l.ikewise,  the  j_.ong  Ouration  j^xposure  JKaeility  (l.t)!:!'  )  should  provide 
ini(iortanl  infornialion  on  Ihe  long  term  effects  of  Ihe  environment.  Su|ipor(  of  the 
,AI-'/l)ol)  eommunitv  sliouhl  hi'  given  to  pro|ee(s  such  as  Ihese.  tis  Ihev  promise 
imniediale.  (iraelieal  reliirns  from  Si-ieiit  i/'i<-  .st udies. 


y  COiX'.MI.'tlOIN 

In  this  review  the  presmit  state  of  spaeec raft / environment  inter.ietions  modeling 
and  prediction  as  it  pert.iiiis  to  thi'  low  energy  plasm;i  environment  has  been  covered. 
Several  issues  have  been  raised  in  each  of  the  nitiin  areas:  modeling  of  the  inter¬ 
action  process,  modeling  the  environment,  and  predicting  the  future  state  of  the 
magnetosphere  (and,  hence,  (he  magnitude  of  (he  interaction).  A^  should  he  iipparmit 
the  status  of  the  moiU-ling  effoids  is  still  somewhat  rudimentary:  the  most  success¬ 
ful  efforts  were  the  develoimieilt  of  static  models  of  the  magnetosphere,  the  le:ist 
successful  were  the  determination  of  materi:il  responses.  'I'lie  role  of  (he  user  h:is 
has  ti.nl  little  to  do  in  determining  the  research  trends  in  this  area  as  it  has  only 
comparatively  recently  been  realized  that  spiiceeraft /environment  interactions 
were  of  real  inipoHanee.  As  more  emphasis  is  placed  on  user  needs,  however,  we 
should  expect  a  shift  to  more  basic  models  of  (he  eiuiromnent  (that  is,  statistical 
models  liki'  those  of  the  radiation  environment).  I'ltinuitely ,  however,  three- 
dimensional,  time-dependent  models  will  he  necessai-y  if  a  complete  underst:inding 
IS  desireil.  In  the  interim,  in  situ,  real  time  monitoring  appears  to  be  the  only 
pl.iusihle  solution. 
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